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Abstract
In order to keep pace with the modern oil transport trends, the Indian ports are also developing terminal facilities
for Very Large Crude Carrier (VLCC). A conceptual design methodology for marine oil terminal (MOT) including
mooring system for large oil tankers has been evolved. The orientation of the MOT and mooring arrangements for
200000 DWT oil tanker were determined considering the environmental conditions prevailed at the site. Water
flow velocity played an important role in the orientation of the MOT. Quick Fender Selection Method (QFSM) has
been considered for the selection of fender system and it was found that supercone fenders of 2 m height or
equivalent type of fenders were suitable for the oil tanker. The mooring arrangements comprising of steel ropes
with nylon tails, sustained the effect of high winds of 60 knots associated with currents and waves. Finally,
simulation of moored ship motions for moderate environmental conditions i.e., wind speed of 30 knots, current
speed of 4 knots and 1 m wave height was carried out using quasi-static approach. The ship motions in six degrees
of freedom were found within the permissible limit for safe cargo handling operation. The maximum rope tensions,
fender compressions and bollard pull were found to be 195 ton, 0.51 m and 199 ton respectively.
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1. Introduction
The Indian ports are expanding their facilities to accommodate the world trends of VLCCs for oil transport.
Modern marine transport system needs minimum time for cargo loading and unloading operation at marine
terminals. A moored ship manifests surge, sway, heave, roll, pitch and yaw motions under the action of wave, wind
and current. The efficiency of cargo handling operation depends on the degree of ship motion. Sometimes, cargo
handling operations may be shutdown due to excessive ship movements; otherwise, damages may occur to ship
and port installations. Therefore, mooring arrangement plays an important role for safe and efficient cargo
handling operations. Computations of environmental loads due to wave, wind and current on a ship are important
aspect for the determination of the alignment of the berth structure. The environmental loads on an oil tanker have
been computed using empirical formulae recommended by international standards. The Quick Fender Selection
Method (QFSM) by Das et al. [1] based on the conversion of ship berthing energy into potential energy of the
fender has been considered for the determination of fender system for the oil tanker.  A conceptual design of MOT
and mooring arrangements for oil tankers were evolved. The oil tanker sustained the effect of high winds of 60
knots associated with currents and waves without rope and fender failure. Simulation of moored ship motions were
carried out using quasi-static approach to predict the moored ship motions, mooring rope tensions, fender
compressions and bollard pulls for moderate environmental conditions.
2. Ship, marine terminal and environmental data
As a representative VLCC, an oil tanker of 200000 DWT has been considered for mooring arrangement and
simulation purpose. The dimensions of the tanker are given in Table 1. A conceptual design of MOT for this oil
tanker has been drawn where six mooring dolphins (MD) and four breasting dolphins (BD) were considered.
Mooring dolphins were located towards back of the berthing line i.e., fender line, for a distance of 40 m, so that
longer bow, stern and breast lines can be deployed as well as space for tug movements could be created. Four
fenders were installed at the four BDs. The maximum and minimum size of the oil tankers expected to call at the
berth are assumed as 200000 DWT and 50000 DWT respectively where the smaller vessel having 201 m LOA.
The spacing between the exterior BDs is 132 m (0.4 times the LOA of the biggest ship) and that of between the
interior BDs would be 80 m (0.4 times the LOA of the smallest ship). The spacing between the exterior MDs i.e.,
MD1 and MD6 is 446 m (= 1.35 times the LOA of the biggest ship), the spacing between the interior MDs i.e.,
MD3 and MD4 is 160 m (= 0.8 times the LOA of the smallest ship), and the spacing between MD2 and MD5 is
303 m, which is average of MD1-MD6 and MD3-MD4.
The designed marine oil terminal (MOT) is described in the Fig. 1. The environmental data at port location are
mentioned in Table 2. The wave, wind and current directions are shown in Fig. 2.
Table 1: Dimensions of 200000 DWT oil tanker
LOA
(m)
LBP
(m)
Breadth
(m)
Depth
(m)
Max.
Draft
Wind area for loaded
condition (m2)
Lateral Front
330 317 40.8 30.6 18.5 3290 960
Table 2: Environmental data at port
Wave Wind Current
Height
(m)
Period
(s)
Predominant
Direction
(degree N)
Speed
(knot)
Predominant
Direction
(degree N)
Maximum
speed
(knot)
Predominant
Direction
(degree N)
1.0 7.0 90 - 180 30 45 - 225 4.0 0 and 180
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Fig. 1: Conceptual design of a Marine Oil Terminal for 200000 DWT Oil Tanker
Fig. 2: Wave, wind and current directions
3. Environmental loads and berth orientation
The environmental conditions and its effects on ship body determine the orientation of berth structure. The
formulae for the computation of wind and current forces on a ship followed by British Standard BS 6349: Part 1,
2000 [2] and that of due to wave is followed by Spanish Standard ROM 0.2-90, 1990 [3].
The wind, current and wave loads on the 200000 DWT oil tanker were computed along transverse as well as
longitudinal directions for three cases where directions of wind, current and wave  were 00,150 , and 900. The
angles of attack or directions were measured about the longitudinal axis of the ship starting from bow in
anticlockwise direction. The forces were computed for all the three cases and the results are given in Table 3. It is
seen that the load due to current increases rapidly compared to that of wave with the increase of angle; whereas
loads due to wind contribute very less compared to those of current and wave. Therefore, the MOT should be
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oriented along the direction of current i.e., N-S (Fig. 2). For this orientation of MOT, sometimes wave may act
beam to the oil tanker resulting maximum wave force exerted on the ship and this should be taken care of by the
fender system.
Table 3: Computed environmental forces
Case
Environmental conditions and computed forces
Wind Current Wave
Sp.
(knot)
Dir.
(deg.)
Force (kN) Sp.
(knot)
Dir.
(deg.)
Force (kN) Ht.
(m)
Dir.
(deg.)
Force (kN)
T L T L T L
I 30 0 0 46 4 0 0 251 1 0 0 583
II 30 15 43 42 4 15 12330 126 1 15 98 1364
III 30 90 227 0 4 90 32365 0 1 90 3475 0
Sp.: speed, Dir.: direction, Ht.: height, deg.: degree, T: transverse direction, L: longitudinal direction
4. Fender system
Fender acts as interface between a ship and the face of berth structure. The main function of fender is to absorb
most of the kinetic energy of a berthing ship through fender compression and transform remaining part of the
kinetic energy into reaction forces which both the ship and the berth structure can sustain safely. Therefore, a
fender system must be able to stop the berthing ship gently without damaging the ship, the berth structure and the
fender itself.
4.1 Fender selection criteria
The Quick Fender Selection Method (QFSM) by Das et al. [1] has been considered for the selection of fender.
The energy absorption capacity of a fender must be higher than that of berthing energy. The flowchart (Fig. 3)
depicts the fender selection process.
4.2 Computation of berthing energy
The kinetic energy Ed (in kNm) to be absorbed by the fender for a vessel of mass M (ton) approaching towards
a berth with a speed of v (m/s) is computed using the formula described by PIANC, 2002 [4]:
csmed CCCCMvE
2
2
1
Where Ce is the eccentricity factor, Cm is the virtual mass factor, Cs is the softness factor and Cc is the berth
configuration factor. A single fender should be able to absorb the entire berthing energy.
4.3 Selection of fender system
The computed berthing energy of 200000 DWT oil tanker moving with a speed of 0.15 m/s is 3280 kNm. The
factor for abnormal impact of this ship considered to be 1.25. Therefore, the design energy to be absorbed by the
fender is 4101kNm.  The Super Cone Fender of 2 m height having energy absorbing capacity of the order of 4200
kNm or an equivalent fender is found suitable.
5. Mooring arrangements
The mooring arrangements for the 200000 DWT oil tanker comprised of six groups of mooring lines (L1, …,
L6) which are head line, fore-breast line, fore-spring line, aft-spring line, aft-breast line and stern line. The mooring
lines were distributed and aligned symmetrically with respect to the vessel’s centre of gravity. All these lines had
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Fig.3: QFSM Flow Chart
two steel ropes attached with nylon tail. The breaking strength of the steel rope of diameter 42 mm and nylon tail
of diameter 100 mm are 121 ton and 140 ton respectively. Only six mooring lines were used to get rid of
congestion in mooring arrangements and these lines were kept horizontal as possible to arrest surge, sway and yaw
motions more efficient way (Fig. 1). Spring lines are used to reduce surge motion. The average length of these
lines is 45 m and the angle of inclination of these lines with respect to berth face is 80. Breast lines are used to
reduce sway motions. The average length of these lines is 52 m and is perpendicular to the ship’s longitudinal axis.
Head and stern lines are used to reduce ship motions overall but its contribution is less. The average length of these
lines is 65 m and the angle of inclination of these lines with respect to fender line is 500. The vertical inclinations
of these mooring lines are within 250 and they were kept taut in order to prevent impulse shock loads in mooring
lines. Thus the mooring arrangements done for the 200000 DWT oil tanker comply with the guidelines given by
PIANC (1995).
6. Simulation of moored ship motion
The motions of the moored 200000 DWT oil tanker at berth were simulated taking into account of the
geometry of the ship, her inertial characteristics, added mass and other hydrodynamic coefficients, mooring
arrangements, berth configuration, elastic properties of ropes and fenders, and other relevant aspects which govern
or influence the behaviour of moored ship motion. Numerical experiments were carried out to predict the ship
motion in 6-DOF, rope tensions and fender compression for two sets of environmental conditions..
At first, mooring analysis for 200000 DWT oil tanker was carried out to check whether the ship can stay
alongside the berth in winds of 60 knots from any direction simultaneously with either 3 knots current from ahead
or astern, or 2 knots current from 10 degrees off bow or stern quarter, or 0.75 knots current from the direction of
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maximum beam as prescribed by MEG3, 2008 [5] as well as wave height of 1 m from SE direction. All these
conditions are mentioned in Table 4. The results in terms of maximum ship motions, loads in mooring lines,
bollard pull and fender compressions are given in the Table 5. It is seen that all the six motions and fender
compressions are within limit. The loads on the mooring lines are very high in Case-D; the rope is about to break
(93% of BS). The maximum bollard pull is 245 tons. However, there is no fender failure. These ascertain good
mooring arrangement with appropriate berth configuration, fenders and ropes.
Then, mooring analysis of the oil tanker was carried out for environmental conditions given in Table 2 with the
same mooring arrangement. Three conditions were considered where directions of wind and wave vary and that of
current kept invariant (Fig. 4). The simulation results corresponding to these conditions are mentioned in Table 6.
It is seen that the rope tensions and fender compressions are within failure limits.  The maximum surge, sway,
heave, roll, pitch and yaw are 0.13 m, 0.14 m, 0.77 m, 1.40, 0.20 and 0.20 respectively.  These motions are within
the limit recommended by PIANC, 1995 [6] for safe working condition, which are 3 m for surge and 3 m for sway
only.  Maximum bollard pull and fender compression are 199 ton and 0.51 m respectively.
Table 4: Environmental conditions to check mooring arrangement
Table 5: Maximum ship motions, loads on mooring lines, bollard pull and fender compressions
BS: breaking strength
Table 6: Moored ship motions, rope tensions and fender compressions
Conditions
Maximum ship motion Mooringlines Max fender
compression
Max
bollard
pullSurge Sway Heave Roll Pitch Yaw
Max
loads
%
of
BS(m) (m) (m) (deg) (deg) (deg) (ton) (m) (ton)
1 0.10 0.00 0.07 0.00 0.10 0.00 106 33 0.03 103
2 0.13 0.14 0.20 0.40 0.20 0.20 172 54 0.30 168
3 0.07 0.63 0.77 1.40 0.20 0.00 195 62 0.51 199
Case
Environmental conditions
Wind Current Wave
Speed
(knots)
Direction Speed
(knots )
Direction Height
(m)
Direction
A 60 00 N to 360 0 N 3 180 o N 1 1350 N
B 60 00 N to 360 0 N 2 1700N 1 1350 N
C 60 00 N to 360 0 N 0.75 90 o N 1 1350 N
D 60 00 N to 360 0 N 0.75 270 o N 1 1350 N
Case
Ship Motions Mooring lines Max
bollard
pull
(ton)
Fender
compre-
ssion
(m)
Surge
(m)
Sway
(m)
Heave
(m)
Roll
(deg)
Pitch
(deg)
Yaw
(deg)
Max
loads
(ton)
% of
BS
A 0.13 0.12 0.14 0.2 0.2 0.2 92.5 76 183 0.42
B 0.13 0.12 0.14 0.2 0.2 0.2 91.1 75 181 0.39
C 0.13 0.12 0.14 0.2 0.2 0.2 74.4 62 164 0.45
D 0.13 0.12 0.14 0.2 0.2 0.2 111.9 93 245 0.37
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Fig. 4: Current, wind and wave directions for moderate environmental conditions
7. Conclusions
The environmental loads on 200000 DWT oil tanker determined the berth structure orientation, where current
strength played an important role.  A conceptual design of Marine Oil Terminal and mooring system suitable for
oil tankers of 200000 DWT was evolved. This set of mooring arrangements did not fail even in high winds of 60
knots associated with currents and waves. Simulation of moored ship motions of 200000 DWT oil tanker for
moderate environmental conditions was carried out using quasi-static approach. The ship motions were found
within the permissible limit recommended by PIANC. The techniques evolved would be useful in the designing of
MOT, its orientation and mooring arrangements for large oil tankers at a first glance.
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